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DESCRIPTION OF THE INVENTION 



Field of the Invention 



[001] The present invention relates to a system and method that could be 
used in association with plating of objects. More particularly, the present invention 
relates to a system and method for removing at least one byproduct product 
produced during plating of objects. 
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Background of the Invention 

[002] Semiconductor chips are typically manufactured in a process 
involving the plating of metal components onto wafers. Due to a recent shift toward 
copper interconnect technology, plating techniques are being developed for plating 
wafers with copper material. Current copper plating processes, however, require 
costly consumable substances and generate a relatively significant amount of waste 
material that is costly to dispose and presents a number of environmental concerns. 

[003] In one conventional copper plating technique, wafers are plated in a 
cell filled with plating substances including both inorganic and organic additives. 
The inorganic additives include copper sulfate, sulfuric acid, water, and possibly 
hydrochloric acid. 

[004] Generally, the organic additives are categorized as either 
suppressors or accelerators, depending on their role in the electroplating process. 
As their names imply, suppressors act to impede the deposition of metallic copper 
on the cathodic surface, while accelerators enhance the deposition. Suppressors 
can be further characterized as either carriers or levelers. The suppressors are 
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generally polymeric surfactants. In the case of carriers, they form a mono-layer at 
the cathode which offers a diffusion barrier to cupric ions, and enhances cathodic 
polarization needed for fine grain structure. Levelers are typically multiple-charged 
and adhere preferentially to highly charged areas such as corners and edges, and 
thus prevent overhanging at trench mouths. The large size of levelers impedes their 
migration into trenches, which in turn impedes conformal filling and allows for better 
bottom-up filling. 

[005] As mentioned above, organic additives also include accelerators. 
These substances are usually unsaturated compounds containing a polar sulfur, 
oxygen, or nitrogen functional group. They adsorb strongly and uniformly on seed 
surfaces, promoting dense nucleation and, consequently growth of fine grains. This 
leads to a uniformly smooth, well-textured (i.e. bright) finish. Accordingly, 
accelerators are often referred to as brighteners 

[006] During a plating process, organic additives break down, with the 
accelerators generally tending to break down more rapidly than suppressors. In a 
simplified approach, it has been estimated that at least one commercially available 
plating chemistry has accelerator agents with a stoichiometric breakdown rate 
estimated at 2mg/amp-hr while its suppressor agents break down at a rate of 
10mg/amp-hr. 

[007] Since organic materials break down during plating, a substantially 
continuous plating process requires some way of controlling levels of the organic 
additives in the plating cell. In addition, there is a need to control the levels of 
byproducts that are generated as a result of the breakdown of the organic additives. 



3 



Attorney Docket No.: 6199.0036-00 



law ornces 

nnegan, henderson, 
Farabow, Garrett, 
% dunner, l. l.p. 

13O0 I STREET, N. W. 
a£HfNGTON, DC 20005 
202-408-4000 



[008] The simplest approach to controlling levels of organic additives and 
their byproducts involves batch processing where a plating cell is initially filled with 
fresh plating substances and plating of wafers continues until the results become 
unacceptable. Then, the entire contents of the cell are drained and the cell is refilled 
again with fresh plating substances. This generates large quantities of waste, which 
must be treated because the waste contains relatively large amounts of copper and 
acid. Since this batch processing does not have direct control over the chemistry of 
the plating bath, a number of potentially reusable components from the drained cell 
are disposed without being reused. 

[009] Another approach to controlling organic additives and their 
byproducts is referred to as the "bleed and feed" approach. In bleeding and feeding, 
fresh plating substances are continuously added to the plating cell at a continuous 
flow rate while a portion of the contents are continuously drained from the cell at a 
constant flow rate and then disposed without being reused. Although this approach 
is slightly more sophisticated than the batch approach, both methods lead to 
substantially the same amount of waste generated over time. For example, the 
amount of waste could range from 10 cc/wafer to 25 cc/wafer at high wafer plating 
rates. In addition, while the bleed and feed approach does remove some of the 
contaminants associated with the break down of the organic additives, it does not 
completely remove them, and only dilutes them somewhat to a generally steady- 
state concentration. Over a period of time, the accumulation of the byproducts 
requires a complete draining of the plating cell and subsequent refilling. 
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[010] In one very recent proposed approach that attempts to deal with this 
significant amount of waste produced in the plating process, used plating substance 
is removed from a plating cell and passed through a byproduct removal arrangement 
to remove byproducts in the plating substance, and then an additive device may be 
used to replace the organic substances that were broken down during the plating 
process. To provide effective byproduct removal, the byproduct removal 
arrangement for such a proposed system could have a plurality of processing 
devices flow coupled together with a relatively complicated piping, pumping, and/or 
valving configuration. Such a complicated flow coupling might prevent backflow of 
the plating substance in the byproduct removal arrangement, but this structure might 
increase both the cost to purchase the arrangement and the cost to operate it. 

[01 1] In light of the foregoing, there is a need in the art for improving 
systems and methods associated with object plating. 
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SUMMARY OF THE INVENTION 

[012] Accordingly, the present invention is directed to a system and method 
that may obviate one or more of the limitations of the related art. In particular, the 
present invention could be directed to systems and methods that might be used in 
object plating associated with forming semiconductor wafers. The invention, in its 
broadest sense, however, could be used for plating of a wide variety of different 
substances onto a variety of different objects. 

[013] In one aspect, the present invention includes a system for use with a 
plating cell configured to plate objects in a plating process. At least one byproduct is 
created in a plating substance used in the plating cell. In one system according to 
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the invention, there is a purification system configured to remove at least a portion of 
the at least one byproduct from the plating substance. The purification system 
comprises at least a first processing vessel, a second processing vessel, and a flow 
path providing flow from the first processing vessel to the second processing vessel. 
In accordance with the invention, the flow path is configured such that the flow from 
the first vessel to the second vessel is caused by gravity. 

[014] In one aspect of the invention, the first processing vessel comprises a 
reacting vessel configured to remove the at least one byproduct. The reacting 
vessel may be configured to supply at least one gas, such as ozone, in the reacting 
vessel to react with the at least one byproduct In addition, the reacting vessel may 
be configured to supply ultraviolet light in the reacting vessel to increase the reaction 
between the at least one byproduct and the gas, for example. 

[015] In a further aspect of the invention, the second processing vessel 
may be a degassing vessel configured to remove gas in the plating substance. For 
example, the degassing vessel may be configured to supply at least one second 
gas, such as nitrogen, to accelerate the removal of gaseous byproducts in the 
plating substance. 

[016] In another aspect of the invention, the first processing vessel includes 
an inlet near its top and an outlet near its bottom. The second processing vessel 
includes an inlet near its top and the inlet of the second processing vessel is lower 
than the inlet of the first processing vessel. For example, the inlet of the second 
processing vessel may range from about .5 inches to about 10 inches lower than the 
inlet of the first processing vessel. 
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[017] In yet another aspect of the invention, the purification system may 
include a third processing vessel interposed between the first processing vessel and 
the second processing vessel. Furthermore, each of the first and third processing 
vessels may comprise a reacting vessel configured to remove a portion of the at 
least one byproduct from the plating substance. For example, the reacting vessel of 
at least one of the first and third processing vessels may be configured to supply at 
least one gas, such as ozone, in the reacting vessel to react with the at least one 
byproduct. In addition, at least one of the reacting vessels maybe configured to 
supply ultraviolet light to increase the reaction between the at least one byproduct 
and the gas. 

[01 8] In a further aspect, each of the first and third processing vessels may 
include an inlet near its top and an outlet near its bottom, and the second processing 
vessel may include an inlet near its top. In this arrangement, the inlet of the second 
processing vessel may be lower than the inlets of the first and third processing 
vessels. Furthermore, the inlets of the first and third processing vessels may be at 
substantially the same height. 

[019] In yet another aspect, the first and second processing vessels may 
be operated at atmospheric pressure. 

[020] In accordance with another aspect of the invention, the purification 
system includes a first processing vessel having an inlet near its top and an outlet 
near its bottom, and a second processing vessel having an inlet near its top. The 
second processing vessel may be arranged such that the inlet of the second 
processing vessel is lower than the inlet of the first processing vessel. The 
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purification system also includes a flow path providing flow from the outlet of the first 
processing vessel to the inlet of the second processing vessel. 

[021] In a further aspect of the invention, the purification system includes a 
third processing vessel interposed between the first processing vessel and the 
second processing vessel. The third processing vessel includes an inlet near its top 
and an outlet near its bottom. The outlet of the first processing vessel is flow 
connected to the inlet of the third processing vessel and the outlet of the third 
processing vessel is flow connected to the inlet of the second processing vessel. 

[022] In accordance with another aspect, the system is configured to 
withdraw at least a portion of the plating substance used in the plating cell, to 
remove at least a portion of the at least one byproduct, and to return at least a 
portion of the plating substance to the plating cell. The system may include a tank 
for storing the plating substance used in the plating cell and a purification system. 

[023] In a further aspect, the system includes a pump for withdrawing at 
least a portion of the plating substance from the tank. 

[024] In another aspect, the system includes a return pump for returning at 
least a portion of the plating substance to the tank. 

[025] In yet another aspect, the purification system includes a level detector 
associated with the second processing vessel and the return pump is controlled 
based on a level detected by the level detector. Alternatively, the level detector 
could control the pump for withdrawing at least a portion of the plating substance 
from the tank, rather than the return pump, or could control both pumps based on a 
level detected by the level detector. 
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[026] The invention also includes a method for removing at least a portion 
of at least one byproduct from a plating substance used in a plating cell. The 
method includes flowing a used plating substance from the plating cell to a 
purification system configured to remove at least a portion of at least one byproduct 
from the used plating substance. The purification system comprises at least a first 
processing vessel, a second processing vessel, and a flow path providing flow from 
the first processing vessel to the second processing vessel. The flow path is 
configured such that the flow from the first vessel to the second vessel is caused by 
gravity. The method further includes passing the used plating substance from the 
first to the second processing vessel by gravity, and removing at least a portion of 
the at least one byproduct from the used plating substance in at least one of the first 
and second processing vessels. 

[027] In another aspect of the method, the first processing vessel 
comprises a reacting vessel configured to remove the portion of the at least one 
byproduct, and the method further comprises supplying at least one gas within the 
reacting vessel such that the at least one byproduct reacts with the gas. 

[028] In a further aspect, the method includes applying ultraviolet light to 
the used plating substance within the reacting vessel to increase the amount of 
reaction between the gas and the at least one byproduct. 

[029] In another aspect of the method, the second processing vessel 
includes a degassing vessel configured to remove the gas remaining in the used 
plating substance and the method includes supplying at least one second gas to the 
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used plating substance within the degassing vessel such that the second gas 
facilitates degassing of the used plating substance. 

[030] In still another aspect of the method, the passing includes passing the 
used plating substance from an outlet of the first processing vessel to an inlet of the 
second processing vessel by gravity. 

[031] In a further aspect of the method, the flowing includes conveying the 
used plating substance from a storage tank to the purification system. For example, 
the conveying may include pumping the used plating substance from the storage 
tank to the purification system. 

[032] In another aspect, the method further includes detecting the level of 
the used plating substance in the second processing vessel and adjusting the 
pumping of the used plating substance from the storage tank to the purification 
system based on the detected level. 

[033] In another aspect, the method may include pumping the used plating 
substance from the purification system to the tank with a return pump. The method 
may also include detecting the level of the used plating substance in the second 
processing vessel and adjusting the return pump based on the detected level. For 
example, the adjusting may maintain the used plating substance at a predetermined 
level in the second processing vessel. 

[034] In another aspect of the method, the purification system may include 
a third processing vessel interposed between the first and second processing 
vessels. Passing may include passing the used plating substance through the third 
processing vessel. 
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[035] It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory only and are not 
restrictive of the invention, as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[036] The accompanying drawings, which are incorporated in and 

constitute a part of this specification, illustrate an exemplary embodiment of the 

invention and together with the description, serve to explain the principles of the 

invention. In the drawings, 

[037] Fig. 1 is a schematic view of a plating arrangement in accordance 

with an exemplary embodiment of the invention wherein solid lines represent fluid 

couplings; and 

[038] Fig. 2 is a schematic view of a purification system shown in Fig. 1 , 
wherein solid lines represent fluid couplings. 

DESCRIPTION OF THE EMBODIMENTS 
[039] Reference will now be made in detail to the exemplary embodiments 

of the invention, an example of which is illustrated in the accompanying drawings. 

Wherever possible, the same reference numbers will be used throughout the 

drawings to refer to the same or like parts. 

[040] In accordance with the invention, there is provided a system for use 

with a plating cell. As shown in Fig. 1, a plating cell 10 is associated with an 

exemplary embodiment of a system including a tank 12, a pump 14, a purification 

system 16, a return pump 18, and a component combiner 20. 
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[041] The plating cell 10 may be any conventional plating cell used to plate 
objects in a plating process. For example, the plating cell may be used to plate 
copper onto wafers to form semiconductor wafers, however, the invention is not 
limited to this specific plating arrangement. 

[042] As a result of the plating process, at least one byproduct is created in 
the plating substance used in the plating cell. For example, in one plating process, 
the plating cell 10 may be in direct flow communication with the tank 12. Plating 
substance is withdrawn from the tank 12, used in the plating cell 10, and then 
returned to the tank 12. During this process, the plating substance, which may 
include both inorganic and organic substances, may become contaminated with one 
or more byproducts as reactions occur in the plating cell 10. In addition, further 
breakdown of the plating substance in the tank may occur, thereby resulting in 
increased levels of byproducts. 

[043] The pump 14 may be configured to withdraw a portion of the plating 
substance from the tank 12 and provide flow communication between the tank 12 
and purification system 16. The pump 14 may be any suitable pump for withdrawing 
a portion of the plating substance from the tank. In one exemplary arrangement, the 
pump 14 provides a flow rate of up to about 250 milliliters per minute. One such 
pump is available from Iwaki Walchen and is identified as EHC30 Series Electronic 
Metering Pump. Other pumps having different flow rates may work as well. 

[044] As explained in more detail below, the purification system 16 is 
configured to remove one or more byproducts from plating substances pumped from 
the tank 12. 
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[045] The return pump 18 is configured to pump plating substance from the 
purification system 16 to the tank 12. In one exemplary arrangement, pump 14 and 
return pump 18 may be the same type of pump. This may allow the pumps 14, 18 to 
be operated at substantially the same rate to maintain a desired level of plating 
substance in the tank 12, 

[046] Both of the pumps 14, 18 may be provided in a cabinet (not shown) to 
limit any spills of the plating substances during pumping. Such a pump-containing 
cabinet could be positioned near tank 12 at a vertical limit consistent with the 
pumping capabilities of the pumps 14, 18. For example, the above-mentioned pump 
from Iwaki Walchen has the ability to pump fluid to a height of at least about five 
feet, and therefore, such a pump could be located about 5 feet or less above the 
height of the plating substance in the tank. Other pumps may have different 
pumping capabilities and could be positioned accordingly. 

[047] The cabinet and return pump 18 could be located anywhere 
downstream from the purification system 16. 

[048] As seen in Fig. 1 , a component combiner 20 may be located 
downstream from the purification system 16. The component combiner 20 may be 
used to add appropriate amounts of inorganic and/or organic substances to the 
plating substance to replace those inorganic and/or substances lost during the 
plating process and optionally also during the purification process. After passing 
through the component combiner 20, the plating substance is returned to the tank 
12. 
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[049] Although the exemplary embodiment shown in Fig. 1 , includes the 
tank 12, pump 14, return pump 18, and component combiner 20, the invention is not 
limited to this embodiment. The invention may be practiced without one or more of 
the foregoing structures. For example, in its broadest sense, the invention may be 
practiced with just the purification system 16. 

[050] Fig. 2 shows an example of the purification system 16 that could be 
associated with the arrangement of Fig. 1. As shown in Fig. 2, the purification 
system 16 is configured to remove at least a portion of at least one byproduct from 
the plating substance and includes at least a first processing vessel and a second 
processing vessel. In the exemplary embodiment shown in Fig. 2, there is optionally 
also a third processing vessel interposed between the first processing vessel and 
second processing vessel, and the first and third processing vessels are reacting 
vessels 22, 24, respectively, while the second processing vessel is a degassing 
vessel 26. There could be any number of additional vessels and the vessels could 
be configured in any known manner to enable removal of one or more byproducts. 

[051] The purification system 16 also includes a flow path 28 which allows 
flow of the plating substance from reacting vessel 22 to degassing vessel 26 via the 
reacting vessel 24. In the exemplary embodiment, the flow is caused by gravity. 
This arrangement will be described below. 

[052] Each of the reacting vessels 22, 24 may be configured to remove a 
portion at least one of the byproducts from the plating substance. For example, 
each of the reacting vessels 22, 24 may be configured to supply at least one gas, 
such as ozone, in the respective vessel to react with one or more byproducts in the 
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plating substance. In addition, each reacting vessel 22, 24 may be configured to 
supply ultraviolet light in the respective reacting vessel to assist in increasing the 
reaction between the gas and the byproduct(s). Each reacting vessel 22, 24 may 
also include a vent to collect all the gases released from the plating substance in the 
reaction vessel. Although each of the reacting vessels has been described as being 
configured to supply both gas(es) and ultraviolet light, the gas(es) and ultraviolet 
light may be provided in separate reacting vessels. Furthermore, different 
purification processes may be performed in the processing vessels, such as the 
addition of hydrogen peroxide to remove organic byproducts, for example. 

[053] The degassing vessel 26 is configured to remove one or more gases 
in the plating substance. The gas removed in the degassing vessel 26 may be 
gas(es) introduced in the reaction vessels 22, 24 or from sources other than the 
reacting vessels. One approach to removing the gas(es) is to supply at least one 
second gas to react with the gas in the plating substance. For instance, nitrogen 
gas may be released in the degassing vessel 26 to cause removal of gas(es) 
previously supplied by the reacting vessels 22, 24. After a substantially amount of 
the gas is removed, the plating substance may then be returned to either the tank 12 
or plating cell 10. 

[054] The configuration of the reacting vessels 22, 24, the degassing 
vessel 26, and the flow path 28 allows the plating substance to flow from the 
reacting vessel 22 to the degassing vessel 26 via the reacting vessel 24. Each of 
the reacting vessels 22, 24 includes a respective inlet 30, 32 near its top and a 
respective outlet 34, 36 near its bottom. Similarly, the degassing vessel 26 includes 



15 



LAW OFFICES 

nnegan, Henderson, 
Farabow, Garrett, 
8 Dunner, L. L.P, 

1300 I STREET, N. W. 
AShNNGTON, DC 20005 

soa-4oe-4ooo 



Attorney Docket No.: 6199.0036-00 
an inlet 38 near its top and an outlet 40 near its bottom. In the exemplary 
embodiment shown, the inlet 30 of reacting vessel 22 is in flow communication with 
the tank 12; the outlet 34 of reacting vessel 22 is in flow communication with the inlet 
32 of reacting vessel 24; the outlet 36 of the reacting vessel 24 is in flow 
communication with the inlet 38 of the degassing vessel 26; and the outlet 40 of the 
degassing vessel 26 is in flow communication with the tank 12. In this arrangement, 
the flow of plating substance from reacting vessel 22 to reacting vessel 24 and from 
reacting vessel 24 to degassing vessel 26 is assisted by gravity. In the exemplary 
embodiment, this arrangement could enable the processing vessels to be operated 
at atmospheric pressure and optionally also obviate any valving, pumping, and other 
flow controls between the vessels. 

[055] One approach to providing the gravity feeding is also shown in Fig 2. 
The inlets 30, 32 are shown as being at substantially the same vertical height, while 
the inlet 38 of the degassing vessel 26 is vertically lower than the inlets 30, 32. 
Preferably, the difference D in vertical height between the inlet 38 and the inlets 30, 
32 ranges from about 0.5 inches to about 10 inches. In one exemplary embodiment, 
the difference D is about 1 inch. There are several different ways of providing the 
vertical height difference D. For example, where the processing vessels have 
substantially the same general inlet construction, the degassing vessel 26 could be 
mounted on a platform having a vertical height difference D shorter than a platform 
on which the reacting vessels 22, 24 are mounted. Alternatively, the reacting 
vessels 22, 24, 26 could be mounted on the same surface and the inlet 38 of the 
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degassing vessel 26 can be formed at a location having a vertical height difference 
D lower than the location of the inlets 30, 32 of the reacting vessels 22, 24. 

[056] By arranging the inlet 38 to have a vertical height difference D below 
the inlets 30, 32, the level of plating substance in reacting vessel 24 can be kept at a 
predetermined level below the opening of the inlet 32. This will allow plating 
substance in reacting vessel 22 to flow into reacting vessel 24. Even though Fig. 2 
shows the inlets 30, 32 of the reacting vessels 22, 24 as being the same height, it is 
understood that inlet 32 could be slightly lower than inlet 30, while still having the 
inlet 38 having a height difference D lower than at least the inlet 32. 

[057] As shown in Fig. 2, a level detector 42 could be associated with the 
degassing vessel 26. The return pump 18 (Fig. 1) may be controlled based on the 
level of plating substance detected by the level detector 42 in the degassing vessel 
26. For example, if the plating substance in the degassing vessel 26 were to 
approach the inlet 38 of the degassing vessel 26, the pumping rate of the return 
pump 18 may be increased to lower the level of plating substance in the degassing 
vessel 26. In this manner, a predetermined level could be controlled in the 
degassing vessel 26. Alternatively, the pump 14 (Fig.1), rather than the return pump 
18, or both pumps 14, 18 may be controlled based on the level of plating substance 
detected by the level detector 42 in the degassing vessel 26. 

[058] The system could be used in a method for removing at least a portion 
of at least one byproduct from a plating substance used in the plating cell 10. In one 
exemplary method, used plating substance is flowed to purification system 16 as 
described above. The used plating substance is passed from the first processing 
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vessel (e.g., reaction vessel 22) to the second processing vessel (e.g., degassing 
vessel 26) via the third processing vessel (e.g., reaction vessel 24) by gravity. And a 
portion of at least one byproduct is removed from the used plating substance in at 
least one of the first, second, and third processing vessels. 

[059] Flowing the used plating substance to the purification system 16 may 
be accomplished by conveying used plating substance from the tank 12 to the 
purification system 16. For example, the conveying may be performed by pumping 
the used plating substance to the purification system 16 using the pump 14. 

[060] After removing at least a portion of at least one byproduct from the 
used plating substance, the return pump 18 could return used plating substance to 
the tank 12 after pumping the used plating substance through the component 
combiner 20. 

[061] The method may also include detecting the level of plating substance 
in the second processing vessel (e.g., degassing vessel 26) and adjusting the return 
pump 18 based on the detected level. The adjustment of the return pump 18 may 
be controlled to maintain the used plating substance at a predetermined level in the 
second processing vessel (e.g., degassing vessel 26). Alternatively, the method 
may include adjusting the pump 14, rather than the return pump 18, or both pumps 
14, 18 based on the detected level. 

[062] In one exemplary method, at least one gas is supplied within the 
reaction vessel 22 such that at least a portion of the at least one byproduct reacts 
with the gas. The reaction vessel 22 may also be used to apply ultraviolet light to 
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the used plating substance within the reacting vessel 22 to increase the amount of 
reaction between the gas and the at least one byproduct. 

[063] In addition, the method could include supplying at least one second 
gas to the used plating substance within the degassing vessel 26 such that the 
second gas degasses the used plating substance. 

[064] Other embodiments of the invention will be apparent to those skilled 
in the art from consideration of the specification and practice of the invention 
disclosed herein. It is intended that the specification and examples be considered 
as exemplary only, with a true scope and spirit of the invention being indicated by 
the following claims. 
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